M
EMORY IMPAIRMENT is often one of the most debilitating deficits following closed-head injury. 1 · 2 It can affect all aspects of the rehabilitation process and can seriously disrupt an individual's ability to regain even the most basic functions of everyday living. Because of recent improvements in emergency medical care, increased numbers of people are surviving closed-head injury, and thus effective rehabilitative techniques-particularly those concerned with mnemonic function-are in increasing demand. In the past ten years, greater research activity has explored how various mnemonic techniques may be used to benefit different memoryimpaired populations, including closed-head injury patients. Although the amount of research has been considerable, the results of the studies have not always been encouraging, and no clearcut formula for memory remediation has emerged. However, recent theoretical research concerning the nature of organic memory disorders has revealed that some learning abilities appear to be spared in even severely amnesic patients. These findings are beginning to provide a foundation for the development of new rehabilitation techniques.
In this article, the literature on memory remediation is summarized, and a number of conclusions are drawn about the effectiveness of various approaches. It is argued that (1) attempts to restore memory function with repetitive drills or exercise are unlikely to succeed, (2) mnemonic strategies have limited application and may be useful only for mildly and moderately impaired patients, and (3) external memory aids have the potential to serve as useful cuing devices, but patients must be trained to use them effectively. A new approach to memory remediation is then outlined. This approach focuses on the acquisition of domain-specific knowledge3 and attempts to make use of patients' preserved learning abilities to teach them specific knowledge and skills. Research is described to illustrate several features of this approach. Finally, some ways in which the microcomputer may be able to overcome some of the problems encountered previously with external memory devices are suggested.
METHODS OF MEMORY REMEDIATION
Existing approaches to memory remediation can be divided into three main categories: (1) practice and exercise drills, (2) strategy learning, and (3) external aids. The bulk of the experimental work has been on the teaching and use of mnemonic strategies. The other two methods, however, are much in evidence in clinical and rehabilitation settings.
Practice and exercise drills
The notion that a damaged memory can be restored or improved in some general sense through practice or repetitive drills continues to persist among many workers in rehabilitation settings, despite the complete lack of empirical evidence that such general improve-l'tlents ever occur. In a survey of British rehabilitation services, Harris and Sunderland4 found widespread use of exercise regimens to strengthen memory, as if memory were some kind of "mental muscle." Similarly, in North America there are, among cognitive and memory therapists, many proponents of drill-oriented interventions. In recent years, with the appearance of the microcomputer in rehabilitation contexts, practice and exercise drills have become perhaps even more popular; they are easy to administer and use of a computer frees therapists for other duties. Typical memory-retraining packages require patients to try to remember letters, digits, words, shapes, or locations on a computer screen. The materials used often have no realworld relevance and learning them typically has no obvious practical value. The purpose of such drills would thus appear to be the general restoration or improvement of memory function.
Although there is evidence that memoryimpaired patients can learn some specific pieces of information through repeated practice, there is no evidence that such practice improves memory for any other materials; that is, training does not appear to generalize to other situations, tasks, or stimuli. 5--8 Even with concentrated practice sessions over long periods of time, significant benefits of drilling on overall memory performance have not been found? (See Schacter and Glisky3 for a more detailed review.)
In view of the fact that careful experimental work has failed to produce any evidence that repetitive practice or drills yield general improvements in memory function, there is no reason to expect that computerized presentation of training materials will produce positive outcomes. The computer is merely a convenient and time-saving device that simplifies stimulus delivery and data collection. It has no inherent therapeutic powers ( cf O'Connor and Cermak 10 ) . If the goal of a retraining program is to restore memory function through the use of repetitive practice or drills, all available evidence indicates that it will have little or no chance of success, whether the service is administered by computer or otherwise.
Mnemonic strategies
The most commonly used and most thoroughly researched mnemonic strategy is the ancient technique of visual imagery. 11 Numerous studies with normal subjects have demonstrated the memorial advantages of constructing visual images of to-be-remembered material. 12 · 1 3 Not surprisingly, visual imagery has also been the most popular strategy attempted in the rehabilitation of memoryimpaired patients.3· 10 The results of these investigations, however, have been somewhat mixed. Some patients seem able to benefit from imagery techniques under some conditions;7·14-21 others, however, particularly those with severe memory deficits, do not.I6, 22 -2 6 Moreover, there is as yet no evidence that memory-impaired patients can learn a visual imagery mnemonic and subsequently use it spontaneously without instructions to do so. Nor is there any evidence that patients later use such strategies in their everyday lives. On the contrary, several studies have demonstrated that patients with memory deficits do not maintain or generalize imagery strategies even within the laboratory. 14 · 16 · 20 · 21 There are at least two reasons why braininjured patients are unlikely to use imagery mnemonics spontaneously. First, there are only a limited number of opportunities outside the laboratory to employ the technique. Many everyday memory problems do not present themselves in the form of paired associates, which are the materials most often used in laboratory training. Difficulties therefore arise in determining exactly which situations lend themselves to the use of imagery. Perhaps this is the reason why Harris 27 has found that visual imagery is seldom used even by normal adults. Second, imagery mnemonics are often difficult to learn; considerable memory ability may be involved in acquisition of the mnemonic itself, and subsequent application of the strategy requires much effortful and elaborate processing. 28 The cognitive demands and limited practical usefulness of visual imagery make it unlikely that teaching this technique will significantly improve the overall functioning of brain-injured patients.
Many of the same problems limit the general effectiveness of other mnemonic strategies. Verbal organization strategies, such as first-letter mnemonics 7 · 14 and semantic elaboration techniques, such as the chaining of tobe-remembered words into a story, 1 S,l6,l9,29 also tend to be resource-demanding, and although they have been used successfully to teach specific pieces of information to some memory-impaired patients, little evidence exists that patients use these strategies spontaneously. Even with simpler strategies, evidence of maintenance and generalization is weak. In a study3° that investigated the effectiveness of a simple rehearsal technique known as spaced retrieval, 31 some evidence of strategy maintenance by two of four patients on a face-name association task was found. However, there was no evidence of continued use of the strategy outside the laboratory.
Available data thus suggest that general benefits associated with the teaching of mnemonic strategies are somewhat limited. Learned strategies are not readily applied in multiple contexts, and their acquisition does not lead to improvements in memory performance on other tasks or in general memory function. However, much of the research in this area has focused on patients with severe memory deficits. It is possible that more significant improvements may be obtained for patients with milder disorders. We know, for example, that mildly or moderately impaired patients can acquire new information, such as people's names, through use of mnemonic techniques; so such strategies are clearly useful for teaching information that is important to patients' everyday functioning. Even in cases of mildmemory disorders, however, it remains to be demonstrated empirically that patients can use mnemonic techniques beneficially in everyday life.
External aids
Several investigators have recently adopted another approach to memory remediation. Rather than attempting to restore memory function, they have attempted to discover ways to alleviate specific problems in patients' everyday lives that arise as a consequence of memory dysfunction. The approach most commonly taken to reduce the impact of memory disorders on daily living has been the use of external memory aids.3 2 -3 4 Several types of aids have been suggested: (1) storage devices such as diaries, notebooks, lists, calculators, and computers; (2) cuing devices such as alarm watches and bell timers; and (3) structured environments that reduce memory load such as labeled cupboards and drawers. Although many of these aids have been introduced to brain-injured patients in rehabilitation settings, there has as yet been little systematic investigation of their use and effectiveness.
Most of the external aids that have been suggested for use with head-injured patients fall at least partly into the category of cuing devices. Notebooks and lists, for example, are used not only to store information but also to provide prompts and cues for future actions, such as appointments to be kept and things to be done. However, little research is available that indicates the most effective ways of deploying notebooks or how to train patients to use them. More generally, little is known about what has been termed "prospective REMEDWION OF ORGANIC MEMORY DISORDERS Femembering"35-3 7 -remembering to perform future actions for which there are no obvious external cues.3 8 As opposed to retrospective memory (ie, recall of the past), about which a great deal is known, prospective memory, despite being an essential component of daily living activities, has received scant attention from experimental psychologists and neuropsychologists.3B-4I Consequently, relatively little is known about how people remember to do things.
Current evidence shows that normal adults and children frequently prefer external retrieval cues to cognitive strategies for prospective remembering 27 ·3 7 · 42 and that even an arbitrary cue such as the proverbial string around the finger facilitates memory for a future action.3 6 · 4 3 However, such nonspecific cues, which serve as reminders to search memory, clearly will not be effective for impaired patients who typically lack the ability to use active search or retrieval processes to remember recent events. 4 4-4 6 Evidence from the developmental literature47 may also be relevant. Young children have difficulty discriminating between good and poor cues for future actions, particularly if the cue and the action are separated in time. Beal 47 has suggested that children may be unable to adopt a future perspective and therefore do not appreciate the specificity that a cue must have to be informative in the future as compared with the present. As yet little is known about memory-impaired persons' abilities to prepare for future behavior ( cf Tulving48), but it seems reasonable to assume that they also may have difficulty evaluating the future informativeness of a retrieval cue.
Harris 27 has proposed that for a cue to be beneficial to patients with memory deficits, it should be ( 1) given close to the time of the required action, (2) an active rather than a passive cue ( eg, an alarm v a reminder in a book), and (3) specific. The problem, as Harris points out, is that most external-memory aids do not possess all of these features. A notebook, for instance, must be consulted regularly to be useful and when consulted should contain sufficient information to make the
patients who use notebooks regularly often have a confusing collection of messages that they fail to keep current.
These observations imply that the use of an external aid, even an apparently simple one such as a notebook, may require special training. It may be necessary to give patients explicit instructions concerning how to construct specific, effective external cues that are readily accessible. In the only work that we know that has attempted to address this problem (M.M. Sohlberg, personal communication, 1985), it was found that lengthy training was necessary before an amnesic patient could use a notebook proficiently. Research is needed to explore methods that could improve the efficiency of external aids. In view of the possible beneficial effects of external aids on patients' ability to function independently in the real world, continued efforts in this direction are warranted.
The external aid that may have the greatest potential for use by memory-impaired patients is the microcomputer. With its ability to store large amounts of information, a computer could function as an artificial memory capable of producing on-demand information, instructions, and reminders about all aspects of daily living.3 2 • 4 9-53 For example, Kirsch et al 53 have reported some preliminary research in which a microcomputer was used successfully to instruct an amnesic patient ol"i how to bake cookies-a task the patient could not accomplish correctly without the computer's assistance. The potential of the microcomputer in memory rehabilitation, however, remains largely untapped. One of the difficulties experienced by patients attempting to use a microcomputer has been their inability to remember the basic operating procedures, such as how to enter a message and how to clear the display screen. 33 These sorts of problems have so far limited the effectiveness of computers as aids for patients with memory deficits. However, the present authors' recent research, which is discussed in the next section, has provided reason for some optimism regarding the eventual use of microcomputers by memory-impaired patients.
ACQUISITION OF DOMAIN-SPECIFIC KNOWLEDGE
An alternative approach to memory remediation focuses on the acquisition of domain-specific knowledge: knowledge relevant to a particular task or function that is important to a patient's everyday life. 3 The approach differs from the previously outlined approaches in the following ways:
1. Whereas the goal of much of the work with repetitive drills and mnemonic strategies has been to restore memory function in some general sense, the goal here is to alleviate specific problems associated with memory impairment. 2. Although the procedures also involve repetitive practice, the information that is acquired across learning trials has practical value, unlike much of the meaningless material that is used with traditional drill therapies. 3. The purpose is similar to that of the external-aid proponents-to deal with specific problems that impact on daily living-but the methods are somewhat different. Rather than simply providing external devices to serve as aids to everyday living, procedures are designed to teach requisite skills and knowledge that will allow patients to handle some of these problems on their own. Several studies have demonstrated that patients with memory deficits can acquire discrete pieces of information important to their daily functioning, such as nam~s of people in their environments 7 · 18 · 21 .5 4 .55 and behaviors appropriate to home or hospital,7.54.s6,s7 Other research has revealed that some perceptual, motor, and cognitive skills can be acquired by memory-impaired patients, often without any recollection of the occasion of learning.s.ss.s9 There is now, therefore, little doubt that even the most severely impaired patients have some preserved learning abilities. (See Nissen, this issue.) However, most of the information and skills that patients have been able to acquire have been simple and often unrelated to problems of everyday living. It was thus of interest to explore whether memory-impaired patients could acquire more complex forms of knowledge that might have important consequences for their daily lives.
The domain of knowledge chosen for investigation was that relating to the understanding and use of a microcomputer. As outlined previously, the computer has great potential to serve as a prosthetic device for patients with memory deficits; but if that potential is to be realized, patients must first be able to learn some simple operating procedures.
A research program therefore was initiated with the goal of teaching memory-impaired patients some basic computer concepts and some fundamental computer operations. A training technique was developed that was designed to tap patients' preserved-memory abilities, specifically the ability to produce previously studied material in response to fragment cues. Numerous studies have shown that REMEDIATION OF ORGANIC MEMORY DISORDERS 'even after only a single prior presentation of a word ( eg, CHAIR) amnesic patients, like normal subjects, show an enhanced tendency to produce that word on a fragment completion test (eg, CHA.__), even though they may have no explicit memory of the prior presentation. 46 · 60 · 61 The teaching technique, the method of vanishing cues, 62 attempts to exploit this preserved ability by presenting fragment cues of target responses and then gradually withdrawing letters from the fragment across learning trials.
In an initial study6 2 it was found that four patients (three head injury, one encephalitic) with varying degrees of memory impairment could acquire and retain across a six-week retention interval a small vocabulary (20 to 30 words) of computer-related terms. A second study63 explored whether patients could learn to use their acquired computer knowledge in the actual operation of an Apple lie microcomputer.
A series of three computer lessons of increasing complexity was constructed. These lessions required the users to interact independently with the computer and to perform a variety of computer operations. Four headinjured patients, with a range of severity of memory deficits, comprised the initial experimental group. The training technique was a modified version of the method of vanishing cues in which first letters of target words were used as cues. All patients successfully completed the three lessons, at which time they were able to use a total of nine different computer commands: They could display messages on the screen, clear the display, perform a variety of disk-storage and retrieval operations, and write and edit simple programs. Even the most densely amnesic head-injured patient, who denies ever having worked on a computer before and remembers none of his more than 100 visits to the laboratory, nevertheless could manage all of these basic procedures. In addition, all patients reported that they enjoyed learning by the method of vanishing cues. The procedure eliminates many of the frustrations inherent in more standard teaching methods, and patients are always eager to participate.
These findings suggest that patients with severe memory disorders can acquire more complex forms of knowledge than was previously thought, and also lend some credence to the notion that patients may be able to use a microcomputer as an external-memory aid to facilitate their daily functioning. However, there are problems yet to be resolved. Teaching the fundamentals of computer operation to patients with memory disorders is not an easy task. Many repetitions are required before error-free performance is attained. Further, the knowledge acquired by patients seems to be qualitatively different from that acquired by normal subjects. Patients' learning seems "hyperspecific"-extremely bound to the stimulus characteristics of the training situation (see Glisky et al 63 ) . Before one can be confident that this training will have any practical benefits, it will have to be demonstrated that the computer knowledge acquired in the laboratory can be applied in real-world contexts.
However, the potential benefits are numerous. As discussed above, many of the difficulties experienced by memory-impaired patients in the use of external aids such as notebooks and lists arise from a failure to consult the aid on a regular basis, a failure to make messages specific enough to be meaningful, and a failure to develop appropriate organizational schemes during storage or retrieval of information. A microcomputer may help to overcome some of these problems. Although it is not certain, there seems little reason to doubt that patients could be trained to consult a microcomputer in their home on a regular basis, just as they learned to do in the laboratory. The computer, of course, can also call attention to itself through the use of audio signals, a feature that could be useful for cuing actions when timing is crucial. 53 Further, the computer has the capability to teach the user how to use it, so that patients could be prompted for detail and specificity when typing cues or reminders for future reference. Such a feature could ensure that prospective retrieval cues are meaningful to patients at the time when they are consulted. Finally, the computer can impose an organizational framework during both storage and retrieval of information so that patients' access to wanted information can become more efficient. Although these ideas have yet to be tested systematically, it is expected that, with practice, patients could become quite proficient at using the computer in this way. The next step of the research program will explore some of the possibilities for home use of a microcomputer.
More general and perhaps immediately applicable implications of these research findings stem from the effectiveness of the method of vanishing cues as a technique for teaching domain-specific knowledge. Although the acquisition of knowledge in a variety of domains has not yet been demonstrated, it has been found that even the learning of unrelated paired associates, a task on which memoryimpaired patients show severe deficits, is facilitated by use of the vanishing cues procedure. Further, the technique has been used successfully with patients of various etiologies ( eg, head injury, encephalitis, anterior communicating artery aneurysm, anoxia), with patients whose memory deficits range from mild to severe, and with patients who do and do not have accompanying cognitive deficits. It seems, therefore, that the technique can be applied broadly.
One important area in which application of these procedures could have a significant impact on patients' everyday lives is that of vocational training. Many people with memory deficits are unable to obtain employment because of their inability to remember the operations involved even in simple jobs. However, this research suggests that with the use of an effective technique such as the method of vanishing cues, memory-impaired patients can acquire some new knowledge and skills. Although there appear to be no studies concerning vocational training for patients with severe memory deficits, literature relating to the vocational rehabilitation of severely mentally retarded persons (for review see Wacker and Hoffmann 64 ) provides some clues concerning potentially effective training procedures. The technique that has been used most successfully is a task analysis procedure whereby complex vocational tasks are broken down into their component subtasks and skills, and each component is taught separately and in its proper sequence. Training applies to a specific skill that is to be used in a specific context; generalization is of no concern. For this reason it is necessary to know the exact nature of a job for training to be beneficial; training in general work skills is unlikely to be of any value. This task analysis procedure, in combination with the method of vanishing cues, may be an appropriate technique for vocational training of memory-impaired ·patients and represents another important area for future research efforts.
• • • Systematic investigation of memory remediation in brain-injured patients was initiated little more than a decade ago. It is therefore not surprising that existing research can provide few clear solutions to the problems faced by those who work with memory-disordered patients in clinical and everyday settings. Unfortunately, with the sudden popularity of catch phrases such as "cognitive rehabilitation" and the corresponding appearance of seductive computerized-training programs that claim to "retrain" memory, many present clinical applications go far beyond existing scientific knowledge. It is important for clinicians and practitioners to adopt an attitude of caution regarding memory-retraining packages that are available commercially and that they inquire critically about the scientific basis of any such program before committing patient and therapist time to it.
Despite the skepticism regarding some of the current trends in memory remediation, a number of the basic concepts and experimental tools are now available that should facilitate substantial advances in knowledge and application during the coming years. 
